Abstract-In this paper, a robust transceiver design for dual-hop multiple-input multiple-output (MIMO) system with amplify-and-forward (AF) relay is produced in the presence of imperfect channel state information (CSI) . The antenna correlation at both ends of the channel and the channel estimation errors are taken into account. The optimization problem is formulated based on minimum mean-square error (MMSE) rule, and the original problem is decoupled into three convex sub-problems. Then the source precoding matrix is optimized by the interior-point method, the optimal relaying matrix is derived by lagrangian multiplier method. The equalizer is optimized by a gradient-based line search algorithm and an alternating algorithm is proposed for the joint design. Simulation results indicated that the proposed design approach achieves better robustness against antenna correlation and channel estimation errors than other approaches.
INTRODUCTION
In the past decade, relay-assisted cooperative transmission as a promising technique to improve the system reliability and extend the network coverage has gained much interest from both academic and industrial communities [1] . Multiple-input multiple-output (MIMO) technique is known as a remarkable breakthrough in wireless communications that could bring substantial diversity and multiplexing gains [2] . The combination of MIMO and relay technique could take the advantages of both techniques, and has been considered as an important candidate for future wireless networks [3] .
Some existing studies have investigated for MIMO relay systems. The optimal transceiver based on minimum mean-square error (MMSE) criterion are investigated in [3] . Several joint LMMSE transceivers with perfect CSI have been investigated to improve the system BER performance further in [4] - [6] . However, all these works assume that channel state information (CSI) is perfectly known. Unfortunately, this assumption cannot be met in practice due to various reasons, because antenna correlation and the channel estimation errors are always inevitably exist. Some joint precoding schemes are discussed with considering channel estimation error in [7] , [8] . Robust transceiver The authors are with the College of Electronic and Information Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing, China (e-mail: chenxm402@nuaa.edu.cn).
designs based on antenna correlation are introduced in [9] , [10] , but the CSI is supposed to be perfect estimated.To the best of our knowledge, in the existing works less robust transceiver design in MIMO relay systems has been obtained in the presence of channel correlation and estimation errors.
In this paper, a robust transceiver for dual-hop MIMO system with AF relay is investigated where antenna correlation and the channel estimation errors are taken into account .The rest of the paper is organized as follows. In Section II, the system model and channel model are presented. In Section III, a MMSE-based optimization problem is formulated. the source precoding matrix is optimized by the interior-point method, the optimal relaying matrix is derived by lagrangian multiplier method, the equalizer is optimized by a gradient-based line search algorithms and an alternating algorithm is proposed for the joint design are given in Section IV. Section V provides simulation results, and Section VI concludes the paper.
Notations () diag X is a diagonal matrix formed form elements of the main diagonal of X ; 1/ 2 X is the square root of a positive semi-definite matrix X , max ()  X denotes the maximum eigenvalue of matrix.
II SYSTEM MODEL AND CHANNEL MODEL
A. System Model A dual-hop Amplify-and-Forward MIMO relay system model [3] is shown in Fig. 1 
B. Channel Model
The Kronecker model [11] is used to describe the antenna correlation of H and G as 
III THE MMSE-BASED TRANSCEIVER DESIGN PROBLEM FORMULATION
In this section, the MSE of the received signal at the destination is derived in the presence of channel correlation and estimation errors. The MMSE-based transceiver design problem will be formulated with the constraint of maximum transmission power at the relay and the transmitter.
According to the system model and channel model, the MSE of the estimated signal at the destination can be expressed as
[] 
IV MMSE-BASED TRANSCEIVER DESIGN It is clear that the problem (10) is non-convex with respect to B , F and Q jointly, and is hard to solve analytically. Nevertheless, it can be verified that the problem is convex in each variable when the others are fixed. Hence, the original problem can be decoupled into three convex sub-problems. Afterwards, an iterative algorithm is proposed to jointly design the transceiver.
A. Optimization of Precoding Matrix B
The sub-problem to optimize B for fixed F and Q can be written as By introducing an auxiliary variable t, the problem can be converted into the following semidefinite programming (SDP) problem [12] - [13] . 
which can be efficiently solved by the interior-point method.
In particular, the problem(22) can be solved by the CVX MATLAB toolbox for disciplined convex programming [14] .
B. Optimization of Relay Precoding matrix F
The sub-problem to optimize F for fixed B and Q can be written as
It can be easily proved that the problem (23) is convex [15] . Therefore F can be calculated from the Karush-Kuhn-Tucker (KKT) conditions. The Lagrangian function of (23) is formulated as optimal  can be conveniently found using the bisection search method [12] .
To simplify the original problem, we introduce a linear scaling 0   in the equalizer, and replace Q with a scaled version 1   Q , after some manipulation [12] , we can get 
C. Optimization of Equalizer Matrix Q
The objective is to minimize 
The unconstrained optimization problem can be solved by a gradient-based line search algorithm [9] .
This method is summarized in the following Table I . 
D. Joint Design
Since optimization of the precoder B , F and Q have been discussed. An alternating algorithm for the joint design of these three matrices was proposed. This framework is described in Table II. 
In this section, simulation results are provided to evaluate the performance of the proposed approaches in a flat Rayleigh fading environment. The source node transmits independent uncoded QPSK symbol streams to the corresponding receiver. The antenna correlation matrices are generated using the exponential model. Fig. 2 and Fig. 3 
VI CONCLUSION
In this paper, by incorporating the antenna correlations and channel estimation errors, the joint transceiver design based on the minimum sum MSE criterion for AF-MIMO relay systems is investigated. We decouple the original problem into three convex sub-problems firstly and then propose an iterative algorithm with guaranteed convergence. Subsequently, we derive the certain precoding and equalizer matrices by employing the interior-point method, the Lagrange multiplier method and the Gradient Descent method. 
The corresponding Lagrangian function of (23) is given by 12 MSE( , ) ( 
